for the culture of Lemnaceae.l> According to those authors the following characteristic symptoms of Mn-deficiency appear.
In the beginning the young fronds remain very small, and the growth of root is retarded. Then the youngest frond becomes brown and dies first, and the older ones are similarly fated in order according to the age. The larger older fronds, which have accomplished their development, are most resistant against the Mn-deficiency, but at last died from it. Soon after Mn is added in trace 1) HoPKINS (1934) , MC'HARGUE and CALFEE (1932), CLARK, (1933) , SAEGER (1933) .
to the culture of Lemna which shows severe symptoms of the Mn-deficiency. new fronds are produced and the normal condition is recovered. The Mndeficiency also inhibits the chlorophyll formation and results in chlorosis.l~ If the normal plant is transferred to the culture solution lacking in Mn, the symptoms of the Mn-deficiency are not visible immediately, but for sometime the normal growth continues. This continuance of normal growth may be maintained by the utilisation of Mn reserved in the plant body, being transported to the growing parts. When Mn is given sufficiently in the culture solution, the accumulation of Mn in the plant body increases also. MCHARGUE and CALFEE (1932) confirmed that in the plant body which shows chlorosis or necrosis, owing to Mn-deficiency, the amount of Mn decreases to one-tenth, as compared with the normal quantity, and that the amount of the total ash also decreases, though Fe tends to increase. As mentioned above Mn has been proved to be essential for the growth of Lemnaceae in the various relations, but with regard to its minimum concentration sufficient to a bare growth, as well as to the manner of the development under conditions of Mn-deficiency some problems remain to be studied. The results of the writer's investigations in this connection are reported here.
Experimental
methods.
As the experimental materials, Spirodela polyrhiza, Lemna peucicostata and L. valdiviana Philippi were used. The former two species grew naturally in a pond, and the last in an aquarium in the green house. In order to free the materials from microorganisms, the materials were treated with a 95% alcohol for a few seconds and with a 0.1'/ corrosive sublimate solution for one-half or one minute.2~ The culture was carried out aseptically for a long time in a diluted KNoP's solution added with Fe and Mn. All water used for the culture solution and for the purification of chemicals was redistilled, using a distillation apparatus of Terex-glass. The culture solution of the following composition was prepared :
Forr the purification of the culture solution from heavy metal impurities the adsorption procedure with calcium phosphate3~ was practised. After the treatment the solution was diluted with redistilled water to a half concentration, amid the pH-value of the solution was adjusted usually to 1) MCHARGUE and CALFEE (1932) .
2) HOPKINS (1934).
3) SAKAMURA (1936) . 4 .81) with a few drops of a diluted pure H 2S04 solution.
To the culture solution Fe (5 X 10 ~'mol) was added, and also Mil in case of need. Iron sulphate given 1n the culture solution was Mn-free chemical, which was obtained from an alcohol solution2~ of MERCK's FeSO4.7Hz03> by repeated crystallization and by further twice crystallization from n the aqueous solution.
For the Mn source MERCK'S chemical MnSO4.7H20 was used, which was purified by triple crystallization from aqueous solution. In each 250 cc. ERLENMEYER flask 100 cc. of the culture solution were placed and sterilized for 20 minutes in a Kocll steam sterilizer.
From the stock culture some sterile froiids were aseptically picked up with a platinum wire and transferred to the new medium, and the culture was carried out in the green house.
Experiment
1. Effect of the Mn-deficiency on the growth of Spirodela.
To each culture solution Fe (5 X 10-°mol) was added, and Mn was used in 10-6mol in one part of the cultures, while in the control culture it was omitted.
In the preliminary culture the plants grew vigorously for several days 1n the solution containing both Fe and Mn, and tile experiment was started with one indi vidual4 of these plants for each culture.
In order to reduce the influence of the change of pH, of the concentration of the nutrient elements aild of other related factors during culture, the culture solution was renewed every 3 or 4 days. In every renewal the number of fronds was counted and one of the propagated individuals was transferred to the new solution.
At the end of the experiment the number of fronds was summarized, and the mean vallie was calculated from each triplicate culture.
Tile result is shown in Table 1 2) Alcohol-used as solvent was obtained by distillation 3) MERCK'S FeSO.1 contains Mn an impurity. 4) By a "plant" or '`individual" is mean a group of 3 other by short connecting stalks.
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For the first 17 days the plants grew normally and vigorously in the culture without Mn as well as in that added with it, and no difference was visible between them.
In the successive cultures the new produced fronds became somewhat smaller and roots shorter, but the plants as a whole looked healthy and the rate of propagation was still fairly good. After about 30 days the growth, however, began to show retardation acid new fronds remained very small, some of which turned brown and died at last. Thus pathological symptoms of the Mn-deficiency became clear. As SAEGER (1933) and others have reported, the effect of Mn-deficiency appeared in the younger fronds first, while the larger and older fronds were more resistant and injury occurred there after a long while. This was followed by a new poor formation of a few small fronds, some of which died, and the new development of fronds absolutely ceased at last. Iii such a case the large mother fronds had normal appearance and did not show ally pathological symptoms for a long time (Fig. 3) . It was, however, curious to see that a new frond formation occurred and many small and imperfect fronds developed in groups, when the culture solution was renewed (Fig. 4) . This can be explained only by the assumption that the action of Mn reserved in the plant body was restrained by certain conditions in an old culture. An experiment, in which the pH-value was adjusted equally in both the old and new culture solutions, indicated that there is ilo direct relation between this curious phenomenon and the pHvalue. A further investigation 1n detail is necessary to make clear the factor which controls this relation.
Experiment 2. Recovery from the pathological condition caused by Mn-deficiency.
As mentioned above the plant can rapidly recover from the pathological state caused by Mn-deficiency, if Mn is supplied. By the use of plants which showed severe symptoms of Mn-deficiency the writer has attempted to determine the minimum concentration of Mn in the medium, which can be utilized for the beginning of a bare growth, and to ascertain whether the difference of further development depends on the concentration of Mn. The preliminary culture went on 1n the following way :
The plants were cultured in a solution lacking in Mn until definite symptoms of Mn-deficiency appeared and the culture was further continued in the medium, to which a very small amount of Mn (10-9mol) was added, for a long duration. The medium was occasionally renewed, and the last culture was continued without change of the culture solution till the growth was interrupted.
Under these conditions the fronds were very small; besides the normal green ones there were many partially or wholly discoloured fronds and also those of brown colour, which means the interruption of growth or their death. After such a preliminary culture the plants were used for the experiment. The concentration of Mn in the medium was from 10-10 to 10-6mol. In the course of the experiment the culture medium was renewed occasionally. The results are shown in Table  2 and Figure 5 .
The minimum concentration of Mn to effect the growth was 5 X 10-10mo1. In the concentration of 5 X 10-9mol the plants recovered their power of growth, though the fronds were of somewhat small size. For the colnplete recovery of normal growth the concentration of Mn 10-8mol was required. Cultures of the series mentioned above were further continued for a long THE BOTANICAL MAGAZINE.
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. time, renewing the medium every few days.
The growth condition was the same, and the normal growth was obtained only in the concentration of Mfr 10-~inol or more. In the concelltratlons of Mii 10-7iilol and 10-6mol no difference was visible fromll l0-8mol solution, in respect to the rate of growth, the size of fronds, the length of roots and other appearances.
Thus it was confirmed that Mn in 10-8mol is sufficient for normal growth.
According to CLARK (1933) and SAEGER (1933) the necessary amount of Mil for the normal growth of Spirod ela is 5 X 10 ''mg and 0.001 mg per liter of culture solution. MCHARGUE and CALF EE (1932) . and HOPKINS (1934) respectively stated that 1 part in 100,000,000 culture solution is enough for the normal growth of Spirodela and Lemna.
Iii the present work, even in the concentration of Mum 10-°mol, if the solution was renewed occasionally, the growth occurred couitilluously, but frond was very small and chlorotic (Fig. 5) . In the concentration of Experiment 3. Effect of Mn expected in the extract from Spirodela on the growth of the other individuals.
Mn is reserved in the plant body, and when it is sufficient ill the medium, its amount in the plant body increases also. In Experiment 1. the symptoms of Mn-deficiency did not soon appear, when the plant was transferred into the medium lacking in Mn, and the normal growth continued for some time. The following culture experiment was conducted to determine whether the amount of Mn contained in one plant body is sufficient to permit the growth of some other individuals, when it is extracted from the plant. Vigorous plants which had been growing in the medium containing both Fe (5X 10-°mol) and Mn (10-°mol) were used as the possible Mn-source. Before use they were placed in sterilized redistilled water for several hours, in order to remove the solution of the preliminary culture, remaining on the surface of the plant.
The principal culture was conducted in the culture medium containing Fe (5 X 10-°mol) as follows : (1) Control, no additioii of the plant as the probable Mn-source. (2) One plant was added to the culture solution and Mn can be expected from it in consequence of heat sterilization.
(3) One plant was added after the sterilization to examine whether the living plant is good for the Mn-source. The culture plants had been previously growing in the medium contailing Fe 5 X 10-~'mol and Mn 10-°mol, but deficient in Mil. Culture duration: 10 days. The results are shown in Figures 6-8 .
In the control culture, where no plant was added as the Mn-source, nearly no growth occurred, and young fronds browned and died at last (Fig. 6) . But in the culture, in which the Mn-source-plant was killed 1) White frond was living at least in the early stage of formation, since it grew for sometime. That this necessary Ml did not come from n the residue of the previous culture solution, being adsorbed on the surface o F the plant body, is clearly seen from the following experiment. The Mn-deficient plant was cultured in the medium, in which a living Mnsource-plant was added after the sterilization.
As a result of the culture the normal growth was limited only to the Mn-source-plant and the Mndeficient individuals did not show any growth (Fig. 8) Figs.
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to the growth of Spirodela is evident. In the following experiments this necessity will be indicated quantitatively more in detail and illustrated with photographs.
Lemna paucicostata and L. valdiviana Philippi were used as the culture plants besides Spirodela polyrhiza.
To each culture solution Fe (5 X 10-0mol) was added, and in the test of the Mn-effect it was added in the concentration 10-6mol. Each culture was prepared in triplicate.
In the course of the culture the media were renewed every several days and when fronds became crowded on the surface of the solution, they were reduced by half and the culture was continued.
At the end of the experiment the dry weight of fronds in each culture was determined and the mean value of each triplicate culture was calculated. As the size of the fronds varied between these two cultures, it was impossible to use the frond numbers as the criterion of the growth. Spirodela polyrhiza.
The plants which grew for a long time in a medium containing Mn in 10-9mol were further cultured in a medium lacking in Mn until the Mn-deficiency became evident.
Such plants were used as material for the principal culture experiment. Culture duration ; 23 days.
Results are shown in Table 3 and Figures 9 and 10. (Fig. 10) . The dry weight in the culture with Mn was 40 times as much as in that without Mn.
Leaina.
In the preliminary culture it was ascertained that Mn is indispensable also for the growth of Lernna pancicostata and L. valcliviana Pltilippi. The ill condition shown by the Mn deficient plant was similar to that in the case of Spirodela.
At first iii the young fronds the growth was retarded, they turned brown and died at last. The production of new fronds was continued for some time, but they remained very small and were dead partially or wholly. The growth of the roots was also very poor. Sometimes chlorosis appeared. Such l\'In-deficient plants were used for the principal experiment.
The results are shown in Table 4 and Figures  I1-14 .
In every culture added with Mn the new growth evidently occurred days after the transferrence, and the plants recovered the normal vigorous r'owth (Figs. 11, 13) .
But in the control, lacking 1n M11, nu growth was observed and at the end of the experiment no plant survived In the case of 14.
Lemna paucicostata. x L Lenina ial(liviana Pcilippi, x 3.
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L. valcliviana Pz-ilippi (Fig. 14) . 1n the control of L, paucicostata a poor growth was seen at the beginning of the culture, but the growth stopped entirely and the effect of Mn-deficiency appeared very seriously (Fig. 12) . The dry weight of the plant cultured with Mil was 160 and 344 times as much as that of the coiltrol in L. paucicostata and L. valdiviana Philippi respectively.
Summary.
1. In the culture solution, which was purified from heavy metal impurities by the adsorption procedure with calcium phosphate, and to «-hic11 Fe was then added, Spirodcla and Lemna could iiot grow and sooiier or later died, if Mn was not added.
2. The minimum concentration of Mn in the culture solution, which was enough to permit the new growth of Mn-deficient plants of Spn'odela, was about 5 X 10-10mol.
3. In the medium containing Mn in concentration of 10 9mol, the vegetative propagation occurred continuously, but fronds remained very small, the growth of roots was extremely retarded and chlorosis occured. Iii the medium 1n which the concentration of Mn was increased to J X 10-`~ mom, fronds were still smaller than the normal ones, but 111 other appearances they were almost similar to each other.
For the normal growth of Spirodela Mn was required in the concentration of 10 5mol. Iii the medium with more Mn (10-7mo1 and 10-°11101) no difference was visible from the case 
